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Abstract  
Current research on consumer electronics mainly focuses on the energy expenditures of individual 
electronic devices or on data centers, while consideration of the larger consumer electronics system is 
overlooked. This thesis fills the existing research gap by analyzing current hardware energy expenditures, 
while also considering user purchasing and use behaviors. The research in this thesis analyzes existing 
2009 electronics consumer data to better define electronics consumers, not as a homogenous group, but as 
three specific consumer sub-groups. Green users are defined as households with no or only one computer; 
utilitarians are defined as household with two computers, while technophiles are households with three or 
more computing devices. Survey data was examined to show that consumer use data differs significantly 
between the three consumer groups, where technophile consumers annually use five times more energy 
on electronic devices when compared to their green counterparts; similarly, technophile consumers’ 
energy use is three times greater than that of green consumers. Furthermore, this research shows that 
concurrent Internet use, enabled through increasing cloud computing capabilities, leads to a approximate 
5% annual energy expenditure increase device-only consumer use. This thesis shows that increased 
Internet use would not offset energy savings realized through hardware device improvements. If all 
desktop computers and accompanying monitors were replaced with the significantly less energy intensive 
laptop computers, electronic devices would have to remain working 24 hours daily while accessing 80 
websites and web-enabled applications simultaneously in order to offset the energy savings. Finally, this 
thesis defines value and use functions to determine consumer values of new devices they consider 
purchasing, as well as devices currently existing in their electronics portfolio. The research presented in 
this thesis can be used by electronics manufacturers, marketers, and policy makers in order to implement 
device redesigns, new marketing strategies, and consumer behavior change, which can only be realized 
after consumer behavior is better understood. 
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Chapter 1: Introduction 
As new technological developments advance consumer electronics, personal electronic device purchasing 
and use trends remain in flux. In the United States, computers and other electronics are ubiquitous in 
individuals’ personal and professional lives. Since 2008, there has been an increased consumer desire for 
smaller, more portable electronic devices, which is made evident by the increased purchases and sales 
forecasts of smaller electronic devices such as net-books, tablet PCs, and smart phones [50].  
 
Figure 1.1: Computer sales forecasts [50]  
However, customers are not willing to trade functionality to meet their increasing portability 
requirements. Consequently, devices such as cell phones have transformed from large, heavy devices only 
used for phone calls, to significantly smaller and sleeker devices with Internet, camera, video, and 
messaging [20].  In order to achieve consumer demands for smaller electronic devices with functionality 
equal to larger desktop computers, designers have shifted to the utilization of cloud computing. It has 
been widely assumed that the use of cloud computing within the electronics industry provides 
environmental savings; this research tests that assumption. 
 In order to provide customers with the services they desire, designers and consumers have shifted 
from “device-centric computing” to “cloud computing”. Device-centric computing became popular with 
the development of personal and laptop computers, which allowed users to save software on one’s own 
computer. Additionally, a user’s individual files could be saved on their device, and the work did not have 
to be saved onto a larger mainframe [76].  Cloud computing, however, allows consumers to save their 
work on the external cloud; it has become more popular and prevalent in recent years, and it is utilized on 
an increasingly larger scale [4].  In 2010, there were about 460 thousand data server shipments, which 
increased to 647 thousand and up to 875 thousand in 2011 and 2012 [56].  Cloud computing was first 
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introduced to general consumers through online email access from popular websites, including GoogleTM, 
YahooTM, MSNTM, and others. With such services, individuals were able to access emails and view 
attachments without the data being saved to their personal device [20].  In recent years, however, cloud 
computing has expanded to include more services that rely on consumers receiving information via the 
Internet through virtual, rather than physical, ownership of information and data. Examples of services 
relying heavily on the cloud are NetflixTM for viewing movies and TV shows, GoogleDocsTM for word 
processing, PicasaTM for picture storage, and YouTubeTM for streaming videos. These services allow users 
to access various programs and media through their Internet browser without downloading the individual 
items on their personal devices; more importantly, many of these services are also free. Thus, these 
Internet applications raise the bar for consumer expectations, as individuals are willing to pay less and 
less for increasingly advanced products and services.  
 Another notable electronics consumer trend is device ownership. Now, more than ever, there is a 
larger number of electronic device types available to consumers. This has led to increased device 
ownership, where customers now not only have a landline phone and desktop, which was common 15 to 
20 years ago. Now, customers are more likely to have a cell phone, digital camera, laptop, tablet, and 
other electronic devices, many of which have Internet-access functionality. Devices such as desktops and 
televisions have a continuous energy draw, even when they are turned off, since they are always plugged 
into the wall. Rechargeable electronic devices do not have a constant energy draw; instead, their energy 
fluctuates based on the number of processes running simultaneously and data stored on the device, which 
in turn requires more battery charge, resulting in increased energy demand through device charging. Since 
cloud computing allows information, data, and processing to be outsourced to external Internet servers, it 
is assumed that increased Internet applications lead to energy savings in the household. This thesis, 
however, will address the environmental impacts of cloud computing and device ownership; this research 
will take into account the direct energy consumption caused by device ownership, use, and charge 
patterns, as well as the energy needs associated with Internet use. Although this energy use is not directly 
reflected in the consumers’ household energy bills, Internet use impacts the energy consumption of the 
system as a whole.  
 The thesis is outlined as follows: Chapter 2 will identify past and current research interests 
pertaining to consumer electronics energy use, Internet and data center energy use, as well as overall 
consumer behavior. Next, Chapter 3 will utilize information from the Energy Information Association to 
calculate the energy expenditures associated with consumer device ownership and Internet use. Chapter 4 
will use value and utility functions to define how consumers make decisions regarding adding to or 
adjusting their electronic device portfolio. Finally, Chapter 5 will close the thesis with a summary of 
research results, as well as implications and uses of this research. 
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1.1 Research Contribution 
 Currently, a system-wide environmental impact of cloud computing and consumer device 
ownership is an area requiring increased research. Presently, cloud computing research is largely focused 
on research of physical data centers, which mostly includes energy analyses, or the environmental impacts 
of Internet searches. Further, consumer electronics research is largely based on the environmental impact 
of singular devices or a comparison of devices, such as desktops and laptops. While significant attention 
should be paid to the environmental impacts of individual devices, it is profoundly important to include 
consumer behavior in these environmental impacts, as will be discussed in Chapter 4. The increased use 
of the Internet and cloud storage capabilities introduces an often-overlooked aspect of consumer 
electronics – the environmental impact of individual consumer devices, along with the environmental 
impact associated with Internet use, shown in Figure 1.2. 
 
Figure 1.2: Energy use considerations  
Further, an increasing number of individuals own several devices with redundant capabilities. Because of 
this, a simple “desktop vs. laptop” life cycle analysis does not take into account that many consumers do 
not necessarily replace their current electronic devices; instead, they add to their existing consumer 
electronics portfolio.  
This research will define three different consumer groups – technophiles, utilitarian, and green 
consumers – and find the environmental impacts of each consumer group through their device ownership 
and Internet use trends. Further, this thesis will analyze and calculate value and utility functions defining 
how different consumer types decide what type of electronic device to purchase and if new devices should 
replace or add to their current electronics portfolio.  
 4 
Chapter 2: Literature Review 
In this section, the current state of the art will be addressed with regard to energy use of consumer 
electronic devices and the Internet. Additionally, previous research of consumer behavior and trends of 
electronics purchasing and use decisions will be analyzed. Furthermore, this section contains a discussion 
of the gaps in current data and research. 
 
Figure 2.1: Visual Representation of existing and current 
2.1 Consumer Electronics Energy Use 
Consumer electronics are ubiquitous in today’s society and have been a prominent topic of 
discussion and research for several decades. A major focus of study is energy use of various electronic 
devices, since this impacts the consumer through direct electricity use and its consequent financial cost. 
Furthermore, device energy needs have larger significance resulting from environmental impacts caused 
by consumer electricity use [6].  According to Bose, 40% of United States’ energy consumption comes 
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from electricity [14], highlighting the magnitude of the issue. Furthermore, national energy consumption 
has increased by 1.2% between 2000 and 2008, despite significant energy efficiency measures that have 
been employed in consumer electronics devices during that time [35].  In addition, global electricity use 
has increased by 84% between 2008 and 2011 [24],  and energy expenditures are expected to continue 
growing in the future. While increased energy use is a global problem, the United States consumes more 
energy than any other country in the world [40].  Therefore, the importance of energy savings on a 
national and global scale is crucial, as proven when the 2007 Nobel Peace Prize was awarded to the 
United Nations – Intergovernmental Panel of Climate Change [14].  The global community understands 
and stresses the need for decreased carbon dioxide emissions, yet the recommended and pledged carbon 
dioxide (CO2) emission reductions may not be met given the current energy use of information and 
communication technology (ICT) [34].   
 Several researchers and organizations have made strides to improve the efficiency of current 
electronic devices, in order to alleviate the increasing energy expenditure trends [15]. Increased energy 
expenditures stem from an increase in device ownership and increase of data center use. The US 
Environmental Protection Agency (EPA) created the EnergyStar program in 1992, which has become the 
leading national and international energy efficiency certification program [70];  EnergyStar certifies 20 
product types, including home electronics, heating, cooling, major household appliances, and lighting  
[84]. Some researchers predict that increased energy consumption demand will be offset through 
increasingly energy efficient measures [23] and will result in increased energy and CO2 emission savings  
[36].  This may be possible, since energy saving measures within consumer electronic devices have been 
implemented within both hardware and software of various systems. For example, Lorch and Smith show 
a 20% lifetime increase is possible simply through software that would monitor the processor and central 
processing unit (CPU) and turn off the CPU when not in active use [57].  Further, Gupta and Sin show 
how the relationship between application and operating systems can lead to increased battery life, 
resulting in decreased energy needs of mobile devices [41]. Overall, several researchers believe that 
decreased energy utilization will be reached with significant improvements in hardware functionality  
[15], yet others believe that software is the integral component that would lead to consumer electronic 
device energy savings [71].  According to Viredaz et al., handheld devices are able to cut their energy 
requirements by reducing available performance of processors [83].  Additionally, Easy General Policy 
Objects (EZ GPO) is a service provided to IT professionals, which allows them to see how much energy 
individuals are using and saving through various measures applied through Windows XP and Vista 
operating systems [28].  Google offers the Desktop Energy SaverTM gadget that minimizes user energy 
expenditures through CPU, processor, and monitor optimization [19].  Additional research also discusses 
methods that would lead to power savings caused by computer motherboards [18]. Yuan and Nahrstedt 
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present GRACE-OS, a CPU scheduler that supports multimedia applications and leads to decreased idle 
time, as well as busy time spent at lower operating speed, resulting in overall decreased energy use of the 
device [88].  
 A growing trend within the consumer electronics industry is the increased availability of smaller, 
portable devices. As a society, we have moved from using large desktop computers, to laptops, netbooks, 
tablets, and smart phones, all of which require less energy consumption than their predecessors, as 
indicated by the computer sales forecasting in Figure 2.2.  
 
Figure 2.2: Computer sales forecasts [50]  
Although these smaller devices require less energy use, they will not turn around current trends of 
consumer energy expenditures; the trend for increased energy use within the consumer electronics market 
will continue [40].  Contrarily, Shipper argues that increased electronics use may not necessarily lead to 
increased energy expenditures, but his research, which was published in 1996, shows how much 
electronics, as well as researchers’ understanding, have developed over the past 15 years [72]. The 
primary factor of continued energy use increase can be attributed to quantity of device ownership per 
consumer. According to Accenture’s report, consumers now consider a computer, mobile phone, digital 
camera, DVD player, and regular TV as basics electronics everyone should own [4].  The Consumer 
Electronics Association has stated that the average US household owns 26 different electronics [78].  
Since this number is extremely high, it can be assumed that this number includes all electronic devices, 
including kitchen and laundry appliances, electric toothbrushes, clocks, and others. As previously 
mentioned, high energy use is not only a national problem; specifically, global energy impacts will be 
significant as other countries increase their electronic device use. For example, only 10% of Chinese 
residents owned a PC in 2008, which is projected to increase to 70% by 2020 [77].  Since countries across 
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the globe state they want to decrease CO2 emissions, finding both national and global opportunities for 
decreasing electricity use and CO2 emissions is imperative for the wellbeing of all citizens. 
 Energy use during the sleep or standby modes is a significant area of energy use within the 
consumer electronics market is not immediately evident to the users. Rosen and Meier define “standby” 
mode as: “The unit is plugged in and appears off to the user” [68]; an example of standby mode is when a 
DVD player is plugged in and turned off, but power is still used to display the current time on the device. 
Firth et al. attribute electricity consumption to a 10.2% increase of appliances with a “standby” mode  
[35]. McAllister and Farrell studied energy use within California homes and indicate that 9% of 
household energy use can be attributed to devices in “standby” mode [60]. Further research shows that 3 
to 12% of all global energy use can be attributed to energy used when electronics and other consumer 
devices are in “standby” [62]. According to Bertoldi et al., standby power is continuously increasing 
within developed countries and is estimated to make up 3 to 10% of overall household energy 
expenditures [12]. To address the growing concern of “standby” power use, EnergyStar takes into 
consideration the energy used during the standby/sleep phase of a device, and EnergyStar power adapters 
are 30% more efficient than other models [26]. Although devices in “sleep” or “standby” mode require 
less energy than devices in “active” mode, this activity mode of electronics is significant because most 
electronics spend more time in “standby” than “active” mode.  
 
2.2 Internet and Data Center Energy Use 
As mentioned in Section 2.1, consumers are increasingly more interested in portable devices that 
allow them to stay connected to the Internet [4]. Furthermore, a third of all consumers are now more 
likely to watch television shows and videos on their laptops, and 10% of all consumers watch shows on 
even smaller devices, such as cell phones [4]. The ever-increasing trend associated with Internet use has 
received significant scientific research, as well as general curiosity from individuals outside of the 
academic spectrum. In 2010, 75% of the American population used the Internet [74]; it is therefore 
important to better understand the energy impacts of this technology. Specifically answering, “How much 
energy does the Internet use?” is an extremely complicated question [9]. Currently, bloggers and private 
institutions, primarily GoogleTM, have attempted to answer that question in non-scientifically supported 
studies. GoogleTM has addressed this on their official blog and states that one GoogleTM query uses 1 kJ of 
energy and emits 0.2 g of CO2 [47]. The American Council for an Energy-Efficient Economy estimates 
that one Internet page view uses approximately 0.000108 kWh [80]. Other research states that current 
optic fiber and power lines use only 0.77 kWh/GB for data transmissions, which is significantly less when 
compared to dialup and traditional wire-line connections that used 3.56kWh/GB [33]. Some technology 
writers suggest that the Internet’s increased efficiency offsets other energy expenditures [73]; the often-
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cited example used to prove the energy savings through Internet use is that energy consumption of driving 
to work or flying to attend a conference is significantly higher than the energy expenditure of teleworking 
or telecommuting. Furthermore, Joseph argues that increased Internet use will be neutralized through the 
Internet’s increased energy efficiency [48]. Matthews et al. additionally completed a study proving that 
wireless networks are more energy efficient than wired networks through a test case on the Carnegie 
Mellon University campus [59]. The previously mentioned studies show the varied research of Internet 
energy impacts.  
The Internet is possible through the utilization of data centers, which are large buildings that host 
a multitude computer servers. Data centers communicate with electronics consumer devices and provide 
web content to consumers. However, data centers are said to be 40 times more energy intensive than 
conventional office buildings, and a single rack of servers can exceed 20kW of energy consumption [27].  
While this may be the case, the benefits of Internet use, which can also be referred to as cloud computing, 
are multifaceted. Significantly, data centers allow extensive data computations in a significantly short 
amount of time. For example, large-scale data calculations that traditionally take months or years are now 
completed in mere hours or days [7].  Accenture further argues that although data center energy is high, 
this system is less energy demanding than if individuals ran these programs and computations on their 
individual devices [5].   
Because of varied benefits provided by Internet capabilities and associated cloud computing, data 
centers have grown in size and capacity. In 2008, 18 million servers were utilized, but this number is 
expected to increase to 122 million by 2020 [77].  Currently, server farms contribute 1 to 2% of global 
energy use [34], and it is predicted that data centers will contribute 18% of global CO2 emissions by 2020  
[46]. Specifically, a GoogleTM data center is said to consume as much power as a city such as San 
Francisco [16]. As the electricity needed to power Internet servers is said to have grown by more than 
10% annually [43], data center efficiency becomes an essential component of future Internet and cloud 
computing use. To aid efficiency developments, the Power Usage Effectiveness (PUE) has been created 
as a measure of data center efficiency [21], but this evaluation method is still new and often contested. 
Despite the desire to increase energy efficiency of data centers, data center utilization most commonly 
ranges from 5 to 20% [7], showing extremely low resource use. Low resource use indicates that a large 
portion of the physical servers remain unused, which could be remedied by using a lower quantity of 
servers at a higher capacity. Low data center utilization, however, is a symptom of the Internet’s variable 
use; specifically, if data centers regularly operated with high baseline utilization rates, spikes in Internet 
traffic would lead to large-scale system shutdowns, such as those seen with GoogleTM and AmazonTM, two 
data center giants [79], [75]. Since system-wide failures can lead to significant transaction profit losses 
and decreased customer retention, private organizations are therefore encouraged to provide excessive 
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data centers that perform at a fraction of their capabilities.  
 Carbon dioxide emissions reduction is a matter of national and global attention and discussion; 
therefore, several researchers have suggested more “environmentally friendly” business practices. Gupta 
and Sing suggest that excessive energy use of the Internet can be remedied through servers that “sleep” 
when not in active use [33]. This energy saving suggestion is critical, since a third of all data center 
energy use stems from cooling hot, active servers [27]. Further, efficient servers and cooling methods are 
imperative since power increased significantly between 2000 and 2010  [44] . In order to minimize costs, 
large-scale data center providers have found new ways to combat the electricity requirements necessary to 
cool data centers [51]. FacebookTM, for example, has moved their data centers to steamier environments 
to take advantage of evaporative cooling instead of air conditioning to cool their data center servers [45].  
YahooTM, on the other hand, will use outside air to cool its servers, which are housed in chicken-coop 
styled buildings [32]. GoogleTM has installed solar panels on their data centers, providing cooling with an 
energy source cleaner than electricity [31]. The wide-spread increase of public and private data centers 
and cloud computing capabilities has further led to the creation of EuroCloud in 2009, which promoted 
standards development within the existing and future cloud computing structure [58], in order to create 
more streamlined and energy-effective data center operation practices.  
 Cloud computing enables users to take data off their physical computers and store it in the virtual 
space of the cloud. This technology has enabled the portability of newly developed devices without 
sacrificing functionality; the technological advances enabled by cloud computing have led to an increase 
in device types and capabilities, including the developments of tablet computers and extremely light-
weight smart phones, among others. Since data can be increasingly stored on the cloud, devices no longer 
have to be heavy and bulky, in order to accommodate large processors and hard drives; instead, the same 
(and more) capability is maintained using smaller devices. However, remote data storage has several 
disadvantages. A major cloud computing concern is third party data theft or data manipulation security  
[22]. Further, it is still unclear who owns data stored on the cloud – the authors of data, or the 
organization hosting the data servers [55]. For this reason, the University of Illinois outsourced its 
undergraduate student email servers to GoogleTM, while maintaining graduate student, faculty, and staff 
emails internally [81]; the staff responsible for the data switch was concerned about the safety of original 
research and its ownership, if data and idea creation was hosted on GoogleTM servers. Users are 
additionally concerned about the reliability of data storage and want to know that unpredicted events, 
such as power outages, will not erase stored data [22]. Companies such as MicrosoftTM have invested in 
the development of private clouds and data centers [58], since private clouds eliminate the data ownership 
questions and decrease data security concerns while benefitting from energy and IT personnel savings by 
moving their IT and computing services to a larger cloud [58].  
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2.3 Consumer Behavior Research 
Energy use and expenditures have received significant research attention, but substantial energy 
savings can only be achieved through changes in consumer use behavior [40]. Although energy efficient 
devices and sustainable electricity use practices can lead to household electricity and monetary savings, 
less than 10% of all US households participate in energy management programs [39]. Furthermore, 
approximately two thirds of consumers do not understand smart grid concepts and are therefore at a 
significant environmental and monetary disadvantage [39]. A surprising statistic states that consumers in 
emerging markets are significantly more likely to consider paying more for sustainably designed devices  
[4]; specifically, 98% of Chinese users, compared to 43% of US users, are willing to pay a premium for 
environmentally friendlier electronics designs [4]. To combat this, hardware and software developers 
have incorporated energy saving measures into consumer electronic devices; these energy saving 
developments, however, are counteracted since consumers now spend more time on their individual 
devices. For example, from 1999 to 2004, consumers annually spent an average 1,500 active hours on 
their computers, which doubled in 2006 [69]. Although consumer device and Internet use is increasing, 
research shows that Internet use time has negative effects on various activities, including the reduction of 
time spent on work [64]. Additional research also shows that male and female consumers utilize and 
interact with the Internet in different ways [85]. These consumer trends highlight the importance of 
consumer behavior and decisions as it relates to decreasing national and global energy use and CO2 
emissions. 
The increase in cloud computing utilization has blurred the line between manufactured products 
and services [86]. As consumers consider purchasing electronics, such as a portable music player, they 
now not only look for the device’s ability to store and play music but are also concerned about the music 
player’s ability to access the Internet and use other online applications [90]. These Software as a Service 
(SaaS) [53] applications include online-accessible email servers and programs such as NetflixTM, which 
allow consumers to view movies and television shows online without watching a movie from a physical 
DVD. Further, online word processing services such as GoogleDocsTM and OpenOfficeTM have become 
increasingly more available and present cost savings to the consumer, but only 1% of current consumers 
use these services [17]. More importantly, these services are not used exclusively; instead, consumers use 
them in conjunction to the existing software downloaded on their individual machines, further 
compounding energy use. As consumer devices change, it is important to understand how they react and 
how quickly they adopt new technologies. 
Consumer behavior is most frequently lumped together into “average household” measurements. 
Recently, however, some research institutions have begun categorizing electronics users differently. 
Accenture, for example, analyzes some consumer data by dividing respondents into two groups: younger 
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(35 years old or less) or older (over 35 years old) consumers [4], [71]. Generally, Accenture’s data shows 
that older consumers own fewer electronics and are less likely to purchase smart phones, as compared to 
younger consumers [4]. Other researchers additionally define digital natives as the consumer group that 
grew up in the age of technology [67]. Consumer categorization is imperative to aid the understanding of 
consumer behavior and decisions, and how these decisions further impact the national electricity grid and 
global CO2 emissions. 
 
2.4 Consumer Purchasing Decisions 
Consumer purchasing decisions have been studied in various forms; however, research topics 
vary widely across the research spectrum. For example, Bayus et al. discuss sales forecasting models for 
color televisions, but they importantly note that one singular model does not sufficiently predict sales  
[11],  which is indicative of the complexity of this overall research problem.  van der Duin and Kok’s 
article explains that while significant research has been focused on sales forecasting methods, these 
models will be inadequate without better understanding decision makers and their decision processes [82]. 
Additional research focuses on the effects of customer online search methods that ultimately lead to 
device purchases [52] and how e-store layouts affect customer purchasing decisions [54]. Further, as more 
devices come with large functionalities, Fand and Xu’s research indicates that manufacturers’ training of 
device functionality can lead to increased consumer interests [30]. Banjerjee and Solomon, however, have 
researched customer purchasing effects of eco-labeled products, including electronic devices, showing 
that nationally recognized labels affect consumer purchasing decisions [8]. This research indicates that 
electronics consumers may be more inclined to purchase devices with the EnergyStar label [8].   
Other researchers have focused on psychological aspects of consumer purchasing decisions. 
Research by Ge et al. indicates that some customers are enticed to purchase soldout products based on the 
immediacy effect (thinking the product will not be available for a while longer) and the informational 
cascades effect (when other consumers’ desire for a product makes the product more attractive to the 
decision maker) [37]. These effects are reflected in technophiles who usually want the latest and greatest 
technology. Yaniv et al. similarly suggest that consumers’ decisions can be, and often are, based on peer 
opinions and decision maker’s beliefs of their peers’ expectations [87].  Similarly, Hao et al. inspect the 
effects of positive and negative online reviews on current customers [42], which can be viewed as peer 
reviews and advice regarding devices purchases. Conversely, Gowrisankaran and Rysman analyzed 
decisions by consumers who choose to buy more mature and risk-averse products, indicating their cost 
savings to be minimal [38]. However, Josias’ dissertation focuses on electronic component obsolescence 
and shows that obsolescence prediction, proactive management, and mitigation are real options for 
determining optimal decisions within the electronics industry [49]. Josias’ dissertation is related to this  
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research, as it focuses on the decisions that ultimately lead to electronics use and replacement, but the 
dissertation focuses on the industry decision analysis, which would predict and prevent product 
obsolescence in order to increase profit margins and customer retention.  
All of the previously mentioned research considers customers as one large homogenous group or 
focuses on one smaller sub-group of consumers. However, Zhang and Zhang suggest an agent-based 
model and multi-agent simulation to study consumer behavior and markets, which would take into 
account psychology, marketing, sociology, and economic aspects of customer decision making [89]. Park 
and Gretzel further analyze complex attributes, which are part of consumer purchasing decisions. They 
analyze online purchasing decision styles of consumers and show that perfectionism consciousness, brand 
consciousness, novelty and variety consciousness, and confusion over choices impact decisions [66].  
Further, their research shows that these correlations are detected easier for non-standardized products, 
such as accommodations, rather than standardized products, such as electronic devices [66].  
The research described in this section is very diverse with little congruency between research 
topics. Overall, consumer purchasing decisions research encompasses internal and external factors 
impacting decision-making. This literature review also discusses the importance and strategies of 
decision-making predictions within the larger electronics industry. However, one of the main gaps is 
research that identifies multiple consumer groups, as well as their decision-making strategies and overall 
energy impacts. 
 
2.5 Summary 
Current cloud computing energy expenditures are growing and drawing significant research 
interests. Within the consumer electronic spectrum, research focuses on the amount of energy consumers 
currently use, but research also focuses on future energy use projections, as well as possible electricity use 
mitigation. Energy savings measures have been realized through more efficient hardware, as supported 
through the EnergyStar program, as well as processing needs that have been outsourced to data centers 
via the Internet. While cloud computing results in lower device energy needs, data centers are becoming 
larger and more prevalent, requiring additional energy and drawing increased research attention. Data 
center research, however, has mostly focused on energy efficiency improvements, which would decrease 
electricity needed to operate and cool current servers.  Finally, consumer behavior research was discussed 
to show that current research dealing with energy and device use mostly described consumers as part of 
one homogenous group, which is a large oversight based on device and Internet use variation seen by 
different consumer groups.   
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Chapter 3: Consumer Electronics Use 
 
3.1 Current Electronics Research and Gaps 
Estimating energy use in consumer electronics is an extremely complicated problem. First, 
consumers generally own a varied combination of electronic devices. The problem is further complicated 
by a significant difference in device energy needs and storage. For example, desktop computers draw 
power if they are plugged in, even if the computer is turned off. Rechargeable devices, such as cell 
phones, laptops, and tablet computers, however, only draw power from the energy grid when they are 
charging.  Yet, the charge duration and frequency depends on the frequency and duration of device use; as 
use time of a device increases, the frequency of recharging increases. Currently, most Americans own at 
least one, if not more, of the following electronic devices: desktop computer, laptop computer, cell phone 
or smart phone, portable music player, eReader, personal digital assistant (PDA), tablet computer, 
netbook, global position system (GPS), digital video recorder, or digital camera.  
As discussed in Chapter 2, various research and private institutions have studied the national 
trends of consumer electronics ownership and use. Notably, Accenture, Forrester Research, and Pew 
Internet, part of the Pew Research Center, have evaluated national and global trends of consumer 
electronics use and purchases [4], [3], [2], [29], [10]. The goal of their studies is to better understand the 
ownership of new devices, which allows the tracking and adoption of new technologies, such as the 
eReader or tablet computer. However, current data only represents general metrics of overall ownership, 
instead of ownership per household or consumer. To clarify, current studies measure the percent of the 
survey population that owns a particular device, but the research does not specify how many electronic 
devices are owned per consumer. The fundamental difference between these two research methodologies 
is that knowing how many people in the overall population own certain devices is mostly beneficial to 
marketers or understanding general trends, such as the increasing popularity of smaller and lighter 
devices. However, understanding how many devices individual consumers own provides a deeper 
understanding of consumer energy and material demands. This data also provides information about 
consumer behavior, since it allows researchers to better understand consumer motivations.  
This research aims to fill that research gap by analyzing the electronic device ownership per 
household. Lack of available data does not allow this research to make assumptions based on behavior per 
customer, and it will therefore focus on household patterns. Still, this information will better serve 
manufacturers by better understanding household behaviors, and this information may also allow policy 
makers to better understand consumer behavior and subsequently make energy-related policy decisions. 
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The use of data centers and Internet-enabled cloud computing allows electronics manufacturers to 
provide increased functionality on smaller devices, such as email and web applications on smart phones. 
This trend has not only changed the electronics landscape, but it has also altered current and future 
consumer expectations. Accenture compares trends in consumer ownership from 2008 to 2011 [3],  
showing a slight decrease in computer (desktop and laptop) ownership, and continuous decreasing trends 
of DVD and VCR players, and cathode ray tube (CRT) or tube televisions. Accenture’s data, however, 
shows increased ownership of web-enabled smart phones, high-definition plasma or liquid crystal display 
(LCD) televisions, portable music players, and digital video recorders for televisions. Several devices 
have emerged in 2010 and 2011, which did not exist in the earlier years, including netbooks, Blu-RayTM 
players, eBooks, 3D televisions, and tablet computers. Overall consumer trends indicate an important 
aspect of evolving consumer behavior – consumers desire smaller, more portable devices allowing mobile 
web access.  
 Current data analyses generalize consumer behavior by collecting consumer electronics 
ownership and electronics use data, and drawing conclusions by treating all customer respondents as one 
homogenous group whose behavior can simply be synthesized by averaging their use data. While this 
assumption allows for easier data analysis, this research suggests that this assumption is inherently 
incorrect. Through personal and professional experiences, most people would agree that consumers do not 
behave as one homogenous group; instead, they have diverse attitudes toward electronic devices. Attitude 
variations are reflected in the number of devices consumers own and the frequency of device use. This 
research therefore focuses on analyzing existing consumer electronics ownership and 2009 use survey 
data in order to test consumer behavior variation between three consumer groups: green, utilitarian, and 
technophile users. The consumer types are defined as 
(i) Green User: Owns 0 or 1 computer (desktop, laptop or netbook) in the household 
(ii) Utilitarian User: Owns 2 computers (desktops, laptops or netbooks) in the household 
(iii) Technophile User: Owns 3 or more computers (desktops, laptops or netbooks) within a 
household 
 Current research calculates overall consumer trends, such as the percent of all surveyed 
individuals who own a specific type of device. This information can be used to understand how the 
general mindset is shifting. For example, Forrester research data, presented in Figure 1.1, shows a 
decreasing demand for desktop computers and an increasing demand for tablet computers. However, this 
data does not account for individuals who own multiple devices, as represented by utilitarian and 
technophile users. By sub-dividing consumers into the categories described above, marketers, electronics 
manufacturers, and policy makers could use the information to better understand and reach these 
customer groups. Understanding the behaviors and inherent motivations leading to consumer purchasing 
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decisions, marketers would be able to better guide their plans, allowing them to target groups previously 
under-represented in a specific market. Further, electronics manufacturers can find the motivations behind 
green user purchasing decisions to create products that would better serve this group of consumers. 
Finally, by better understanding how consumers purchase and use electronic devices, policy implement 
environmental change. As countries across the world grow increasingly more concerned about rising 
energy demands, activists and policy makers who want to decrease the negative environmental impacts of 
these devices will be able to better target and reach consumers once they understand how these consumers 
currently purchase and use their electronic devices. 
 
3.2 Research Hypotheses 
The thesis research focuses on breaking electronics users into three different groups to test the 
following hypotheses:  
1. Resource use (amount of time spent on computer, number of devices owned) for technophile 
users is increasingly higher than that of utilitarian and green users; 
2. Daily Internet use on multiple devices contributes a significant amount of household energy use; 
and   
3. Replacing current computers with more energy efficient hardware will be offset for the 
technophile users because of their Internet use. 
If shown to be valid, the first hypothesis will indicate that the recommended consumer type 
definition is a valid claim and that each consumer group has specific energy demands and behaviors. 
Furthermore, by showing a clear energy use difference between the three consumer groups, this research 
would show that policy makers, marketers, and electronics manufacturers should take this into 
consideration when planning for future marketing plans, energy education policies, and new electronic 
device designs. If policy makers want to decrease overall energy use, they will need to influence 
electronics designers to create more energy-efficient products. An understanding of the different 
consumer groups and their particular energy behaviors will also allow policy makers to more effectively 
implement behavior change by directly addressing consumers’ purchasing and use motivations. 
As consumers spend an increasing amount of time using cloud computing resources, the second 
hypothesis will show how Internet use ultimately impacts the energy grid and overall CO2 emissions. 
Additionally, if the second hypothesis is proven to be valid, it would indicate that previous assertions 
about the cloud’s environmental benefit are invalid. If energy demands associated with Internet use 
contribute significantly to energy grid demands, more research and design changes should be 
implemented to decrease data center energy use, including electricity for operating and cooling computer 
servers.  
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The third hypothesis tests to see if increased consumer dependence and utilization of cloud 
computing resources will offset environmental and energy savings provided by more efficient electronic 
devices. If this hypothesis is proven to be valid, it would bring to attention a large misconception 
regarding energy use provided through cloud computing. For individuals concerned about decreasing the 
energy and CO2 emission associated with electronic device use, the validity of this hypothesis will show 
that cloud computing may not provide all the environmental benefits previously assumed and would 
therefore signal a need for new energy-saving ideas.  
 
3.3 Survey Data Analysis 
In order to test the stated hypotheses, 2009 Residential Energy Consumption Data (RECD) survey 
data collected by the US Energy Information Administration (EIA) was analyzed in detail [25]. The data 
survey questioned 12,053 households regarding energy use within the home. Although the survey 
contained extensive questions about household size and features, heating, air conditioning, and appliance 
use, only answers pertaining specifically to consumer electronic devices were analyzed in this thesis. The 
full electronics survey questions are available in Appendix A, but key question topics include: 
• Number of computers owned 
• Computer type owned (desktop / laptop or netbook) 
• Monitor type (LCD/CRT) 
• Daily use of primary, secondary, and tertiary computers 
• Non-use pattern (Computer is off or in standby mode) 
• Number of rechargeable electronic devices 
• Non-use patterns of rechargeable electronic devices 
Individual survey responses were analyzed, and the overall behavior of consumer answers is 
tabulated in Appendix B.1, in a manner similar to EIA’s energy use report. For the purposes of this study, 
however, the survey data was divided a step further to evaluate the survey answers based on the initial 
condition that a household had 0, 1, 2, 3, 4, and 5 or more computers. Given these initial conditions, the 
answers regarding computer and monitor types, computer use, number of other electronic devices, and 
non-use patterns were subdivided. All conditional data is tabulated further in Appendix B.2. Table 3.1, 
specifically shows the survey results regarding the type of computer owned and serves as an example of 
data synthesis performed in this thesis. 
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Computer Type, Based on Number of Computers Owned 
Primary Computer 
 1 Comp. 2 Comp. 3 Comp. 4 Comp. 5+ Comp. 
Desktop 62.70% 48.47% 45.77% 43.57% 50.21% 
Laptop/Netbook 37.30% 51.53% 54.23% 56.43% 49.79% 
Secondary Computer 
 1 Comp. 2 Comp. 3 Comp. 4 Comp. 5+ Comp. 
Desktop - 41.71% 35.85% 32.62% 44.21% 
Laptop/Netbook - 58.29% 64.15% 67.38% 55.79% 
Tertiary Computer 
 1 Comp. 2 Comp. 3 Comp. 4 Comp. 5+ Comp. 
Desktop - - 41.22% 35.71% 39.91% 
Laptop/Netbook - - 58.78% 64.29% 60.09% 
Table 3.1: Computer type owned based on total computer ownership 
Since the initial data is broken down data based on number of computers owned, computer 
ownership data is averaged to calculate the generalized trends of each consumer group. Below is an 
explanation showing how the percentage of users owning a laptop or desktop computer was calculated. In 
order to calculate computer ownership information for green users, data shown in Table 3.1 was used. To 
simplify future calculations, only the percent of laptop ownership (L) per user group was calculated; the 
percent of desktop owners is simply calculated as 1-L. User groups are identified within the calculations 
through the use of consistent subscripts for green (g), utilitarian (u), and technophile (t) users; for 
example, where Lg, Lu, and Lt are the laptop ownership percentages for the green, utilitarian, and 
technophile users, respectively. The survey data shown in Table 3.1 indicates the percent of users who 
own a laptop/desktop device, given they own a specific amount of computers. It can therefore be said that 
out of all the households that own only one computer, 37.3% will own a laptop computer. For easier 
notation and future use, this analysis can also be stated as  
 𝑃 𝐿! = 𝑃 𝐿 1  𝐶𝑜𝑚𝑝. = 37.30% (3.1) 
This notation will be used consistently throughout this thesis to describe future calculations.  Therefore, 
the percent of laptops among utilitarian users  (P(Lu)) is the average of P(Laptop|2 Computers) for the 
primary and secondary computers; shown in Equation 3.2.  
 𝑃 𝐿! = !! 𝑃 𝐿 2  𝐶𝑜𝑚𝑝. ,𝑃𝑟𝑖𝑚𝑎𝑟𝑦 + 𝑃 𝐿 2  𝐶𝑜𝑚𝑝. , 𝑆𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦  (3.2) 
Equation 3.3 shows that the probability of laptop owners among technophile users was calculated by 
averaging P(Laptop|3 Computers), P(Laptop|4 Computers), P(Laptop|5+ Computers) over the primary, 
secondary, and tertiary computers.  
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𝑃 𝐿! =    !! 𝑃 𝐿 3  𝐶𝑜𝑚𝑝. , 𝑃𝑟𝑖. + 𝑃 𝐿 3  𝐶𝑜𝑚𝑝. , 𝑆𝑒𝑐. + 𝑃 𝐿 3  𝐶𝑜𝑚𝑝. ,𝑇𝑒𝑟.+𝑃 𝐿 4  𝐶𝑜𝑚𝑝. , 𝑃𝑟𝑖. + 𝑃 𝐿 4  𝐶𝑜𝑚𝑝. , 𝑆𝑒𝑐. + 𝑃 𝐿 4  𝐶𝑜𝑚𝑝. ,𝑇𝑒𝑟.+𝑃 𝐿 5 +   𝐶𝑜𝑚𝑝. , 𝑃𝑟𝑖. + 𝑃 𝐿 5 +   𝐶𝑜𝑚𝑝. , 𝑆𝑒𝑐. + 𝑃 𝐿 5 +   𝐶𝑜𝑚𝑝. ,𝑇𝑒𝑟.  (3.3) 
 
3.3.1 Rechargeable Device Ownership Assumptions 
 EIA’s survey data does not include detailed information regarding rechargeable device 
ownership. Although the survey questionnaire specifically asks “How many rechargeable electronic 
devices, such as cell phones, portable music players, digital cameras, and electric shavers, do you have in 
your household?” respondents chose one of the following options:  0, 1 to 3; 4 to 8; or more than 8. This 
question does not ask for the specific number of rechargeable devices, and it does not list the exact 
devices that a customer owns. Due to this data gap, Accenture’s customer survey, which involved answers 
from 1000 US residents, was used to estimate the devices customers owned as described below [3].  
Another assumption based on Accenture’s survey data is that no consumers own tablet computers or 
eBooks. Since EIA’s data was collected in 2009, these technologies were still very new and not widely 
owned until 2010 and 2012 [3]. However, based on Accenture’s collected data, 84% of all users own a 
cell phone, and 18% of the total population in 2009 owned a web-enabled smart phone, while the number 
jumps to 31% for 2011 [3]. Furthermore, 76% and 46% of users own a digital photo camera and portable 
music player, respectively, while digital video cameras, portable gaming devices, and global positioning 
devices (GPS) are owned by 30%, 24%, and 32% of the total population, respectively. Once these 
ownership statistics were applied to EIA data, previously discussed averaging calculations were used to 
calculate the overall device ownership, use, and non-use patterns for green, utilitarian, and technophile 
users. Resulting data calculations are recorded in Table 3.2. 
 Data Summary 
 Green Utilitarian Technophile 
Population Breakdown 62.84% 22.66% 14.50% 
Expected Number of Computers 0.66 2.00 3.60 
Daily Computer Time 
On/Comp. (in hours) 2.39 3.50 3.23 
% Laptop 37.30% 54.91% 58.99% 
% Standard Monitor 25.27% 22.26% 15.51% 
Standard Cell Phone 58.04% 63.95% 80.68% 
Smart Phone 18.00% 18.00% 18.00% 
Digital Photo Camera 50.63% 98.17% 98.94% 
Portable Music Player 22.24% 69.03% 98.94% 
Digital Video Camera 5.74% 59.93% 85.70% 
Table 3.2: Survey data analysis according to consumer groups 
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 Data Summary 
 Green Utilitarian Technophile 
Portable Gaming Device 2.31% 45.95% 85.70% 
GPS 8.17% 59.93% 85.70% 
% Off 63.71% 64.74% 60.60% 
Plugged in all the time 7.35% 7.60% 7.47% 
Table 3.2: Survey data analysis according to consumer groups (continued) 
Table 3.2 above indicates that the majority of the surveyed population, almost 63%, belongs in 
the green category, while approximately 22.5% and 14.5% of the overall population belong in the 
utilitarian and technophile consumer groups. Thus, a better understanding of the green consumer group 
would be the most environmentally beneficial to the nation as a whole. The expected number of 
computers for the green, utilitarian, and technophile users is 0.66, 2, and 3.6, respectively. According to 
the surveyed data, the green consumer spends 2.39 hours on their computer each day. Utilitarian and 
technophile users, however, respectively spend approximately 3.5 and 3.2 hours using each computer 
daily. Since the number of expected computers is higher per respective consumer group, this means that 
utilitarian and technophile users spend 7 and 11.7 total hours on their devices daily. The table above also 
shows that laptop, LCD monitor, cell phone, photo and video camera, portable music player, portable 
gaming device, and GPS ownership increases as we move from the green to the utilitarian and 
technophile users. Surprisingly, however, survey data indicates that between 63% and 64% of all user 
types turn their electronic devices off when not in use. Similarly, close to 7.5% of consumers in all three 
categories keep chargers plugged into the wall although a device is not charging. Although the overall 
percentage of these behaviors is the same, the energy impacts are not equivalent. For example, if a green 
user only owns two rechargeable devices and keeps their chargers plugged in constantly, this has a lower 
energy draw than a technophile user, who may have six electronic devices that are continuously drawing 
power while not actively charging a device. 
 
3.4 Energy Calculations 
Charge pattern assumptions were estimated to calculate the amount of energy spent per user 
group. Desktop computers, for example, are constantly drawing power, even when they are turned off. 
Rechargeable electronic devices, however, only draw power when they are charged; further,, chargers that 
are plugged in the wall but not connected to a device to be charged continue to draw energy from the grid. 
EIA survey data specifically asked respondents about time they spend actively using their computer(s), 
but time spent charging handheld devices was not acquired. Therefore, assumptions regarding handheld 
device charge patterns are made in Table 3.3; all assumptions are in units of hours per day. Based on 
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personal observations, it is assumed that phones are generally charged overnight when the customer is 
asleep, which is estimated at 6 hours per night. We further assume that green users will use their phones 
less frequently, therefore requiring cell phone charge every other day. Based on information from top-
selling digital cameras on Amazon.com, it is further assumed that digital photo and video cameras are 
charged 6 hours at a time; because technophiles generally spend more time on their electronic devices 
(shown in the results section), when compared to the other consumer groups, and utilitarian users spend 
more time than green users on their computers, this general use trend will also be assumed for digital and 
video camera usage. This assumption will be continued further by estimating that these devices are 
charged bi-monthly, monthly, and every other month by the technophile, utilitarian, and green users, 
respectively. Since GPS devices are primarily used in the automobile, we assume that the devices are 
therefore charged while driving; hence, their energy use is considered 0, since this data only includes 
utility-provided electricity use. 
 Daily Charge Time (hours / day) 
 
Green Utilitarian Technophile 
Std. Cell Phone 3 6 6 
Smart Phone 3 6 6 
Digital Photo Camera 0.1333 0.2667 0.5 
Portable Music Player 0.1429 0.2857 1 
Digital Video Camera 0.1333 0.2667 0.5 
Portable Gaming Device 0.5714 0.7500 1 
GPS 0 0 0 
Table 3.3: Charge assumptions based on user group 
Given the charge assumptions listed in Table 3.3, as well as the use patterns listed in Table 3.2, 
energy use of individual devices during their use and charge modes is necessary to adequately calculate 
energy expenditures for each group of customers. The energy use of each electronic device is listed in 
Table 3.4. Computers and monitors have different energy expenditures when they are on, off, or in sleep 
mode. Furthermore, handheld devices draw a specific amount of power while charging; but if the 
handheld device is disconnected from the charger while the charger remains connected to the wall, the 
charger still draws electricity, as shown in the table below. 
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Device Type Energy Use (W) 
Computer On 73.97 [61]  
Computer Off 2.84 [61]  
Computer Sleep 21.13 [61]  
Laptop On & Charging 44.28 [61]  
Laptop Charger 4.42 [61]  
CRT Off 0.8 [61]  
CRT On 65.1 [61]  
CRT Sleep 12.14 [61]  
LCD Off 1.13 [61]  
LCD On 27.61 [61]  
LCD Standby 1.38 [61]  
Cell Phone, charging 3.68[61]  
Cell Phone charger 0.26 [61]  
Smart Phone Same as cell phone 
Digital Camera, charging 3 [65]  
Camera Charger 0.4 [65]  
MP3 Player, charging 1.70 [65]  
MP3 Charger 0.30 [65]  
Video Camera Same as camera 
Portable Gaming Device 10.00 
GPS 0.00 
Table 3.4: Energy use of listed electronic devices 
 Given the percent of device ownership, as well as use data and charge assumptions, the expected 
energy needs of each electronic device were calculated per customer group. 3.s 3.4 and 3.5 indicate the 
computer and monitor use calculations, respectively. 
 𝐸! = 𝑁 1 − 𝐿 24 − 𝑡 𝐽 𝐸!!!"" + 1 − 𝐿 24 − 𝑡 1 − 𝐽 𝐸!!! + 𝐿 24 − 𝑡 𝐾𝐸!! + 𝑁 𝐿𝑡𝐸!!" +1 − 𝐿 𝑡𝐸!!!"   (3.4) 
In Equation 3.4, EC is the energy used by a computer (in kWh); N and L are the expected number of 
computers owned and expected percent of laptop ownership, respectively. Furthermore, t represents the 
time the expected use time, while J and K represent the percent of devices that are turned off when not in 
use and percent of devices that always remain plugged in, respectively. Finally, EPCoff, EPCs, ELc, ELon are 
the energy expenditures when the computer is off, in sleep mode, laptop is charging, and laptop is turned 
on and charging. 
 (3.5) 𝐸! = 𝑁 1 − 𝐿 𝑡 𝐴𝐸!"#_!" + (1 − 𝐴)𝐸!"#_!" + 𝑁 1 − 𝐿 (24− 𝑡) 𝐴𝐽𝐸!"#_!"" + 1 − 𝐴 𝐽𝐸!"!!"" + 𝐴(1 − 𝐽)𝐸!"!! + (1 − 𝐴)(1 − 𝐽)𝐸!"#_!  
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Equation 3.5 determines the energy calculation for monitors, EM. Variables N, L, t, and J are defined 
along with Equation 3.4 above. New variables include A, percent of standard (CRT) monitors, as well as 
variables ECRT_on, ELCD_on, ECRT_off, ELCD_off, ECRTs, and ELCD_s, which represent, respectively, the energy 
expenditures of CRT and LCD monitors in their “on” modes, CRT and LCD energy requirements when 
the devices are turned off, and finally, CRT and LCD energy draw when in sleep mode. This research 
assumes that consumers own only one monitor per device. Although multiple screen are used for desktop 
computers in an office setting, personal experience has shown that most consumers will only have one 
monitor per desktop computer for household use. 
 In order to calculate the energy use of hand-held devices, such as cell phones and video cameras, 
the generalized Equation 3.6 was used 
 𝐸! = 𝑇!𝐸!_! + 𝐾(24 − 𝑇!)𝐸!_! , (3.6) 
where h represents the type of hand-held device being calculated (the full list is available in Table 3.2), 
and Eh is the energy used from hand-held device h. Variables Tc, Eh_c, and Eh_w represent the time the 
device is charged (based on Table 3.3), energy used when device h is charging, and energy used by device 
h’s charger if left plugged in the wall, respectively. Variables K and Tc are the percent of chargers that are 
constantly plugged into the wall, and expected device time spent charging, respectively. 
 Once Equations 3.4, 3.5, and 3.6 are applied to all listed devices, customer-specific energy use for 
each device type was calculated and results are shown in Table 3.5. Calculated energy expenditures show 
that computer use for utilitarian and technophile users is three times and five times greater than green 
users, respectively. Monitor use is similar, since monitor use for technophile and utilitarian consumers is 
more than 2.7 and 3.8 greater than the green users, respectively.  On an annual basis, utilitarian and 
technophile users consumer respectively spend three and almost five times as much energy on their 
electronic devices than their green counterparts. These results indicate the importance of better consumer 
group identification and clearly show why electronic device users cannot be treated as a homogenous 
group.  
 
 
 
 
 
 
 
 
 
 23 
 Daily Energy Use (in Wh) 
 
Green Utilitarian Technophile 
Computer Use 184.57 583.13 978.31 
Monitor Use 55.61 150.78 216.09 
Std. Cell Phone 6.64 14.35 18.10 
Smart Phone 2.06 4.04 4.04 
Digital Photo Camera 0.15 0.79 1.58 
Digital Video Camera 1.87 6.90 15.44 
Portable Music Player 0.48 5.99 13.37 
Portable Gaming Device 0.13 2.63 4.90 
GPS 0.00 0.00 0.00 
TOTAL (Wh/day) 251.51 768.60 1251.81 
TOTAL (kWh/year) 89.54 273.62 445.64 
Table 3.5: Device energy use based on consumer group  
 Table 3.5 above shows the expected daily and annual energy use per consumer group. Green 
consumers use an expected 251.51 Wh/day and 89.54 kWh/year on their electronic devices, while 
utilitarian consumers use 769.6 Wh/day and 273.62 kWh/year. Utilitarian users, as expected, use the most 
energy, calculated at 1251.81 Wh/day and 445.64 kWh/year. These energy results are calculated based on 
the expected number computers owned and time spent on the computers daily, as shown in Table 3.2. The 
computer energy use was calculated based on the expected percent of laptop and desktop ownership, as 
well as the previously indicated ownership of CRT and LCD monitors. Further, the expected ownership 
and energy use data was used to calculate the expected daily and annual energy use of other rechargeable 
devices listed in Table 3.5. 
 If use and purchasing information from all consumers is lumped together in one statistic, a large 
amount of behavior information is lost. Since consumer groups differ widely in their device purchase, 
device and Internet use, and recharge patterns, assertions about consumers is lost and inherently flawed. 
By sub-dividing the consumer population into the three suggested groups, marketers, manufacturers, 
policy makers, and other researchers will gain a better understanding of individual consumer group 
trends. Information obtained through the division of consumer groups allows marketers to better 
understand the behavior of each group and effectively market their devices. Electronics manufacturers can 
use this information to better understand the use and desires of their customer base and make related 
design changes, such as creating “smart chargers” which do not draw electricity from an energy source if 
the charger remains plugged in the wall without charging a particular device. Furthermore, policy makers, 
some of whom may be interested in energy and CO2 savings, can plan effective strategies based on 
changing consumer behaviors. These types of programs, however, will only be successful if, and when, 
they are based on the clear understanding of consumer behavior and motivations. 
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3.5 Internet Energy Calculations 
Energy calculations shown in Section 3.4 only indicate the consumer energy use based on the 
physical devices. However, as mentioned in Chapter 2, current electronics are increasingly more reliant 
on web access and online applications. Because of this, this research will additionally take into account 
the customer’s Internet energy use. Although this energy is not reflected on the household utility bills, 
Internet energy use has larger system-wide impacts, since it directly affects the amount of electricity used 
by data centers. Because web access is ubiquitous, it is assumed that computers or smart phones are 
accessing the Internet any time it is in use. Further, when devices are left in standby mode, it is assumed 
they are still accessing the Internet through applications, such as email, running in the background. 
Internet use assumptions are therefore listed in Table 3.6. 
 Internet Use (hours per day) 
 Green Utilitarian Technophile 
Computer 2.39 3.50 3.23 
Smart Phone 24 24 24 
Portable Gaming Device 1 2 4 
Table 3.6: Internet use assumptions 
 Since it is estimated that viewing Internet pages is equivalent to 0.3 W, the energy used by 
accessing the Internet from these devices is then calculated by multiplying time spent online (in Table 
3.6) by the 0.3W; this is then added to the total energy use of electronic devices listed in Table 3.5. The 
final results are listed in Table 3.7. 
Internet use also has societal benefits; for example, Nie and Hillygus indicate that consumers 
Internet time leads to inefficient online use, as well as negative social and societal effects [64].  
Additionally, the ubiquity of Internet use has aversely affected some users, as Internet addiction is 
becoming more prevalent [63]. The sociological impacts have not been included in this thesis directly, but 
decreased energy efficiency and dependence on Internet and computer use will have larger energy and 
environmental impacts. 
 Daily Energy used by Internet (in Wh) 
 
Green Utilitarian Technophile 
Computer 0.72 1.05 0.97 
Std. Cell Phone 0.00 0.00 0.00 
Smart Phone 7.20 7.20 7.20 
Portable Gaming Device 0.30 0.60 1.20 
Table 3.7: Energy use of Internet access from various handheld devices (in Wh) 
 In Table 3.6, it is assumed that during Internet use, the consumer is using only one page a time, 
which may be unrealistic. Technically, every Internet page the consumer has open simultaneously will 
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compound the user Internet energy expenditures. For example, if a consumer has their GmailTM, YahooTM 
News, FacebookTM, and an Internet radio station open in four different tabs or web browser windows, he 
or she is then technically using 1.2W per hour spent with these 4 tabs open. This concurrent energy use is 
caused by each website being hosted on its own data center, compounding the energy use. Similarly, a 
user who has applications for email, Facebook, and a web-enabled game like Angry Birds running 
concurrently on their smart phone, cumulatively uses 0.9W for every hour of concurrent use. However, 
this energy estimation does not take into account the energy used by data transmissions, such as data 
towers, and other transmission hardware. If singular Internet access is assumed for all three types of users, 
then total energy requirements for each type of user is shown in Table 3.8.   
 
 
Daily Household Energy Use, 
Including Internet  
 Green Utilitarian Technophile 
TOTAL (Wh/day) 259.73 777.45 1261.18 
TOTAL (kWh/year) 94.80 283.77 460.33 
% Increase (kWh/yr) 5.88% 3.71% 3.30% 
Table 3.8: Daily household energy use including Internet access 
However, if we assume that green, utilitarian and technophile users access one, two, and three concurrent 
pages or applications, respectively, the resulting total energy use per consumer group is shown in Table 
3.9.  
 
Total Daily Household Energy Use, 
Including Concurrent Internet Use 
 Green Utilitarian Technophile 
TOTAL (Wh/day) 259.73 786.30 1279.92 
TOTAL (kWh/year) 94.80 287.00 467.17 
% Increase (kWh/yr) 5.88% 4.89% 4.83% 
Table 3.9: Daily household energy use 
 
3.6 Results and Discussion 
 The primary contribution of this work is to provide several insights into the current consumer 
electronics industry, primarily focusing on better understanding the behaviors of three main user groups: 
(i) Green User: Owns 0 or 1 computer (desktop, laptop or netbook) in the household 
(ii) Utilitarian User: Owns 2 computers (desktops, laptops or netbooks) in the household 
(iii) Technophile User: Owns 3 or more computers (desktops, laptops or netbooks) within a 
household 
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 Since existing research lumps all consumer behavior surveys into one general group, information 
is lost about more detailed and relevant consumer behavior data. When consumers are generally grouped 
together, information about consumer behavior is difficult to obtain, because electronics consumer 
behavior varies widely. By dividing the overall consumer population into the sub-groups specified above, 
researchers will be able to better predict and understand how individuals behave and how their purchase 
and use motivations impact the energy grid and the environment. Different consumer sub-groups are 
evident through the variation of device ownership, as well as device use and charge patterns. This thesis 
aims to not only categorize consumer groups, but it further tests the following hypotheses:  
1. Resource use (amount of time spent on computer, number of devices owned) for technophile 
users is increasingly higher than that of utilitarian and green users; 
2. Daily Internet use on multiple devices contributes a significant amount of household energy use; 
and   
3. Replacing current computers with more energy efficient hardware will be offset for the 
technophile users because of their Internet use. 
 
Previous sections of this chapter provide a thorough description of the analytical process used to 
determine consumer behavior patterns. Section 3.5 shows the results obtained from the data analysis to 
test the stated hypotheses. First, Energy Information Agency’s 2009 Residential Energy Consumer 
Survey was used to divide consumer answers based on the number of computers owned. Although several 
use and behavior categories are obtained, computer use and handheld device ownership is an excellent 
indicator of overall resource use trends. The time a consumer spends on a computer is indicative of their 
tolerance and use of electronic devices. Because of this, understanding how much time different consumer 
groups spend using their computers, researchers will also gain an understanding about the consumers’ 
attitude toward electronic device use. Figure 3.1 graphically compares time spent on a computer, based on 
number of computer devices owned.  
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Figure 3.1: Time spent on primary computer, based on the number of computers owned per household 
As seen above, users who own one computer are much more likely to spend 3 hours or less on 
their primary computer, as opposed to consumers who own 2 or more computers. . Further, Figure 3.1 
clearly indicates that 25% of consumers who own three or more computers spend more than 10 hours on 
their primary computer. Survey respondents were asked to answer use time questions for their primary, 
secondary, and tertiary computer, based on the amount of time they spend on each device. Computer use 
time can serve as an indicator to show that consumers who own more devices are more comfortable with 
technology and therefore spend more time on their devices. Furthermore, their comfort level with 
electronics will further extend to increased ownership of other rechargeable devices, as well as increased 
time spent using handheld devices. By understanding these trends, researchers, industry representatives, 
and policy makers can then study the motivations for direct consumer behavior. This research can be used 
to better meet the consumers’ needs by responding directly to their purchasing behaviors and overall 
attitude toward technology. For owners of multiple computers, data from Figure 3.1 was averaged to 
determine the average time spent on primary computer based on the previously defined consumer 
subgroups 
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Figure 3.2: Average time spent on primary computer, based on consumer sub-groups 
Figure 3.2 indicates computer time use changes based on consumer types. Notably, more than 
70% of green users spend 3 hours or less on their computer daily, while less than 60% of utilitarian and 
less than 50% of technophile users spend an equivalent amount of time on their primary computers. 
Furthermore, approximately 10% of green users spend more than six hours of their day on their computer, 
compared to over 20% and 30% for utilitarian and technophile users, respectively. More significantly, 
over 15% and 20% of utilitarian and technophile users, respectively, spend more than 10 hours on their 
computers daily, compared to less than 5% of green users. 
Consumer behavior is additionally evaluated based on the number of devices owned. Therefore, 
Figure 3.3 shows the number of rechargeable device ownership, based on computer ownership.
 
Figure 3.3: Number of devices owned, based on the number of computers owned per household 
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Figure 3.3 clearly shows that as the number of computers owned increases, the number of 
rechargeable electronic devices also increases. Again, this data is averaged in Figure 3.4 to show the 
number of rechargeable electronic device ownership per consumer group. 
 
Figure 3.4: Number of electronic devices owned, based on consumer group 
 Based on Figure 3.4, one can clearly see a general trend indicating that device ownership data 
varies significantly based on each user type. Primarily, more than 10% of all green users do not own any 
rechargeable electronic devices, while approximately 2% of utilitarian and technophile users own no 
rechargeable devices.  Further, almost 80% of all green users own 3 or less rechargeable electronic 
devices, compared to approximately 40% and 15% for utilitarian and technophile users, respectively. 
Finally, less than 3% of green users own more than 8 devices, while this number jumps to approximately 
10% and 30% for utilitarian and technophile users, respectively. 
 Given data in Figures 3.2 and 3.4 specifically, this research supports that the first hypothesis is 
correct and that resource use (amount of time spent on computer and number of devices owned) for 
utilitarian users is higher than that of green users; and the resource use of technophile users is higher than 
that of utilitarian users. These differences in energy expenditures are caused by general device ownership 
and use trends of the consumer groups. Although green users are more likely to own desktop computers 
and CRT monitors, which are more energy intensive than laptops and LCD monitors, respectively, their 
low overall device ownership and low use of these electronic devices results in overall lower energy 
requirements. Technophiles are the most energy-intense user group, since they are more likely to own 
multiple devices, while they are also more likely to spend an increasing amount of time on their electronic 
devices. Because of increased device use, technophile users must also charge their devices more 
frequently, increasing overall energy demands. Furthermore, since technophile users are more likely to 
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use multiple pages, compounding energy use from the cloud, their overall energy impacts are 
approximately 5 times higher than the green users and 1.5 times higher than utilitarian users. 
The second hypothesis is that daily Internet use on multiple devices contributes a significant 
amount of household energy use. We are using data stating that Internet use is equivalent to 0.3W; this is 
similar to energy use of cell phone, camera, and MP3 player chargers, which draw 0.26 W, 0.4 W and 0.3 
W, respectively. Therefore, if we assume 24-hour use of the Internet on smart phones, this energy use is 
then equivalent to leaving a MP3 charger plugged into a wall for a day when the device is not charging. 
Previously discussed methods and analysis also indicates that energy expenditures of Internet use are 
much lower than originally suggested. Desktop and laptop computers use 246.5 and 147.6 times more 
energy per hour in their use phase than using one Internet page per hour. Further, charging a cell phone is 
12.2 times more energy intensive per hour than the use of a singular website. Due to this data, the second 
hypothesis is not supported.  
 The third and final research hypothesis states that replacing current computers with more energy 
efficient hardware will be negated for the technophile users because of their Internet use. According to 
Kahn, desktop and laptop computer purchases will continue to decrease while demand and purchases for 
smaller, more portable devices, such as tablet computers will increase [50]. As shown in Table 3.4, as the 
energy requirements of desktop and laptop computers, while on and charging, are 73.97 W and 44.28 W, 
respectively. However, the energy use of tablet computers is estimated between 10 and 25 W [13]. The 
decreased energy needs can be attributed to the decreased screen size of the devices. If we assume that all 
desktops and laptops are replaced with tablet computers, and we conservatively assume that tablets would 
use 25 W when charging, daily energy savings would be 573.75 W. In order for these energy savings to 
be counteracted, 80 web applications or web pages would have to be concurrently used 24 hours in a day. 
Therefore, the third hypothesis is also not supported.   
 The data presented in this chapter shows that electronics consumers and their device use cannot 
be described by treating the users as one homogenous group; instead, this research shows significant 
differences between three consumer groups: technophiles, utilitarian, and green users. The differences in 
consumers types can be used by manufacturers to better understand and meet the consumers’ needs; 
further, marketers can use this information to better reach the customers whose services they want to 
obtain when they better understand the motivations of distinct consumer groups. Policy makers would 
additionally be able to use this consumer-specific information; if a policy maker’s goal is to decrease 
electricity use, he or she would first have to understand consumer behavior to then effectively change it.  
Furthermore, data calculation and analysis indicate that resource use, defined as number of 
devices owned and time spent on each electronic device, increases as green, utilitarian, and technophile 
user groups are compared; specifically, utilitarian consumers use three times more energy than green 
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consumers, and technophile consumers use five times more energy than green consumers. In addition to 
analyzing electronic device ownership and use, this research further shows the impacts of Internet use, 
which is largely overlooked in current consumer electronics research. Although the second and third 
hypotheses were not supported by this research, data analysis still shows that Internet use, although small, 
does impact the system-wide household energy use. The annual expected technophile device energy use is 
445.64 kWh, and this number increases to 1279.92 kWh with concurrent Internet use. Although Internet 
use does result in increased energy expenditure, the energy increases are minimal. 
 The use of cloud computing has ultimately results in a decrease in energy use. Although research 
often neglects to include Internet energy use when calculating the energy impacts of consumer decisions, 
this thesis indicates that Internet use energy is currently insignificant when compared to the energy 
requirements of electronic devices. As shown in Table 3.4, as the size of electronic devices decreases, the 
energy impacts also decrease. For example, a desktop and CRT monitor use approximately 139 W, and 
desktops with LCD monitors draw approximately 102 W. Laptops and cell phones, however, have an 
expected energy draw of 44.5 and 4 W. Since the use of cloud computing resources has enabled and 
encouraged the use of increasingly smaller devices, it has also led many consumers to replace larger 
devices with the more energy-efficient laptops; thus, it can be shown that cloud computing results in 
lower overall energy demands. 
  As a larger number of consumers switch their devices from energy-intensive desktops to smaller 
laptops and tablet computers, overall energy efficiency savings can be realized. However, the motivation 
behind the change to smaller electronic devices is the portability of web-accessible services [20] . As the 
increase of user Internet time and cloud computing access increases, while the energy demands caused by 
device charging decreases, cloud computing energy will make up a larger portion of the overall household 
energy demands. Therefore, consumer purchasing and use, as well as the cloud computing and Internet 
use, trends should be watched closely in order to re-analyze this research with new and updated 
information. 
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Chapter 4: Decision Analysis 
 
4.1 Problem Definition 
 As the consumer electronics market continues to grow, consumers consequently own devices 
with redundant functionality (e.g., the ability to check email on a phone, computer, PDA, and other 
devices). Therefore, this research will use value and functions to analyze consumer electronics purchasing 
decisions. Since purchasing decisions, and subsequent use, of electronic devices affects the overall energy 
grid, marketers and policy makers can use decision-making criteria to better understand consumer 
motivations and potentially change undesirable consumer behavior. As energy research and savings are 
becoming more prevalent topics of research and advocacy, a decrease in energy expenditure can be 
realized only when consumer behavior is better understood. 
 
4.2 Consumer Decision Definition 
The research problem can be defined using the decision tree in Figure 4.1 below. 
 
Figure 4.1: Research problem decision tree 
 The decision tree shows that the consumer purchasing decision is independent of the type of 
consumer under consideration. A consumer can choose to either buy or not buy a new electronic device. 
If the consumer decides to make a purchase, then he or she needs to decide if the new device will replace 
or add to the existing electronics the consumer owns.  
 When purchasing electronics, four main characteristics of the devices should be taken into 
consideration: portability, functionality, “cool factor” and usability. The characteristics can be further 
defined using specific attributes; portability, for example, will depend on the size of the device and the 
weight of the computer. In this case, as the weight and device size decrease, portability increases. 
Functionality is defined as the device’s ability to perform desired functions, such as word processing, 
Internet access, and ability to play music. For the purpose of this study, the “cool factor” is defined as the 
device’s age on the market for that specific model or version of the device. Finally, the usability of the 
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device is defined as the ability to work on the computer for an extended amount of time, which largely 
depends on the screen and keyboard sizes. The relationship between keyboard and screen size to customer 
satisfaction is shown in Figure 4.2. 
 
Figure 4.2: Customer satisfaction based on keyboard or screen size 
 The figure above shows that as keyboard and screen size increases, customer satisfaction 
increases. However, at a point x*, customer satisfaction will reach its peak, and any increases in attribute 
levels will lead to decreased customer satisfaction. For example, in order to improve visibility, a customer 
will want to increase the screen size; however, a 42” computer screen may be undesirable for some. 
Similarly, a standard 17” wide keyboard is more preferable to most customers over a cell phone keyboard, 
yet keyboards larger than that may be undesirable since the keys would be placed too far apart. As 
mentioned with previous attributes, the optimal level of comfort and customer satisfaction depends on 
individual preferences.  
 Portability and functionality are related, however; while usability increases as screen and 
keyboard size increase, larger component sizes also lead to heavier devices, which then decrease the 
portability of the device. Because of this, the calculated value functions will be based on specifically 
measureable attributes such as weight, screen and keyboard size, functionality, and time since release 
date. The value function will also consider the decision maker’s (DM’s) preference for environmentally 
conscious products. 
 
4.3 Value Functions 
The value functions presented in this section are very broad and can be applied to different types 
of consumers, such as the green, utilitarian, and technophiles. Technophiles, for example, are more likely 
to own more devices, because they are more attracted to newer and “flashier” devices, whereas utilitarian 
users will only be interested in devices that perform the desired functions and fit within their usability and 
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portability requirements. Green users, however, may also be interested in the device age in the sense that 
they may be risk averse to buying brand new technologies. These individuals purchase second generation, 
or third, devices, after the first version has been tested by the technophiles. This attitude may additionally 
have financial implications, since some individuals may not want to purchase a pricey new device when it 
first enters the market; instead, they are willing to wait for similar devices to enter the market, driving the 
cost of products down. Consumer preferences for various attributes will be reflected in individual 
attribute weighting factors.  
In order to evaluate the consumer decision defined by Figure 4.1, value functions will be used, as 
defined by Abbas and Howard [1] and shown through the peanut butter-jelly sandwich example [1]. 
Because the decision tree in Figure 4.1 does not include any uncertainty, multi-attribute utility functions 
would not be appropriate forms of decision measurement.  
 
4.3.1 New Electronic Device Value Function  
 For this project, two value functions are created. The first value function will determine the value 
of the new device a consumer considers purchasing, as is described in Equation 4.1 below.  
 𝑉!"# = 𝐹𝑒! !!!!!! ! 1 − !∗!!!!!!∗ ! 1 − !∗!!!!!!∗ ! ∆!! (4.1) 
 In this equation, F is the binary value determining if a device meets the minimum functionality 
requirements, such as calling capability, music, video or picture recording, word processing, Internet 
access, and others. If the device does not meet the minimum functionality requirements, F, and the overall 
function, would be equal to 0 and this device would be rejected as an option. The variable e indicates the 
environmental certification provided by the electronic device (EnergyStar Rating, EPEAT Bronze, Silver, 
or Gold Rating). The consumer can place a numeric value on their perception of their preference of a 
device’s environmental rating. This value will be between 0 and 1, where 1 would be the most preferred 
environmental certification. In addition, w is the weight of the device, and wM is the maximum device 
weight a DM is willing to consider. Variables s and k are the respective screen and keyboard widths, both 
of which are measured in inches; kl and sl, represent the accepted screen and keyboard limits. For 
example, if a device’s attribute value, s, is below the optimal desired value, s*, then sl will be equal to 
customer’s minimum acceptable screen size, sm; conversely, if s is above the optimal value, s*, then sl is 
equivalent to the maximum customer-allowed screen size, sM. Starred variables, denoted with *, represent 
the optimal attribute values desired by the consumer, and variables with subscript M, such as wM, are the 
maximum customer allowed attributes.  
 Lastly, the age of the device. Δtnew is discussed. This value depends on the DM’s preference of a 
device’s age on the market. If a consumer prefers devices new to market, Equation 4.2 should be used.  
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  ∆𝑡!"# = !!! (4.2) 
However, Equation 4.3 should be used if the decision maker prefers mature devices that have been tested 
and reviewed by others for a longer period of time. 
  ∆𝑡!"# = 1 − !!! (4.3) 
 In this equation, to is the age on the market for the specific model and generation the DM is 
considering. However, tr is the age of the devices in the last major design change of the electronic device. 
This value does not necessarily correspond to the device’s overall age on the market, since the first 
release of the device may have occurred several years or decades ago. Very mature products often 
experience significant design changes and transformations during their lifetime, which is taken into 
account in Equation 4.3.  
 Furthermore, the attribute ranges of the variables listed in Equation 4.1 are 
• w < wM 
• sm < s < sM 
• km < k < kM,  
  Each attribute ratio evaluation falls into a domain between 0 and 1, where the optimal desired 
value is equivalent to one. The behavior and range of each attribute is shown in Figure 4.3. 
Figure 4.3: Attribute calculation ratios 
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 Variables α, β, γ, δ, and ε are the consumer weighting factors indicating the decision maker’s 
preference for specific attributes. If a decision maker is indifferent about an attribute, the accompanying 
weighting factor should be set to 0, making the attribute fraction equivalent to 1. In order to determine the 
weighting factors to be used in Equation 4.1, the DM will first use swing weighting to determine the 
weighting factor xi, which is the swing weight for attribute i. Weight factors xi will be in the 0 to 1 range. 
Because weighting factors evaluate lower-ranking attributes with numbers closer to 0, Equation 4.4 will 
evaluate the attribute weights as shown below. 
  𝑎! = 1 − 𝑥! (4.4) 
In Equation 4.4, ai represents the attribute weight i, based on the swing weight measure xi. For example, if 
a decision maker uses the swing weighting to determine that the swing weights for weight, screen size, 
and keyboard size are 0.25, 0.45, and 0.3, respectively. Using Equation 4.4, the weighting factors α, β, γ, 
and δ would be 0.75, 0.55, and 0.7, respectively. This ranking is important since the attribute fractions are 
less than one, and lower power values will increase the overall attribute levels of the value function, while 
higher power values will decrease the attribute levels and value function.  If a decision maker is 
indifferent about a specific attribute, the corresponding weighting factor would be equal to 0. 
 Equation 4.1 can then be used by a consumer to determine which electronic device best fits his or 
her desired specifications. This equation can further be utilized when the consumer is considering 
purchasing a new electronic device, and he or she need to decide which device to purchase. The consumer 
will choose to purchase the electronic device with the greatest Vnew value.  
 
4.3.2 Existing Electronic Device Value Function 
 While Equation 4.1 allows a consumer to find which electronic device to purchase, this section 
will define the value function for devices in a consumer’s current electronics portfolio. In order to make 
his or her decision regarding device replacement, the new device a customer purchases should be 
compared to the current electronic device portfolio, as shown in Equation 4.5.   
 𝑉! = 𝐹!𝑒!! !!!!!!! ! 1 − !!!!!!!!!! ! 1 − !!!!!!!!!! ! ∆!! (4.5) 
Equation 4.5 calculates the value function, Vj, for an existing device j. Variables Fj, ej, w, s, and k 
represent, functionality, environmental certification benefit, screen, and keyboard size, as described in the 
previous section. If needed, the maximum and minimum sizes should be changed in order to include the 
dimensions of existing electronic devices. Equation 4.5 does have new notation; first, the j subscript 
indicates the attribute level for an existing device j, while the subscript n indicates the attribute levels of 
new device n. Further, the definition of Δt can be one of the following: 
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 ∆𝑡! = 1 − !!!,! (4.6) 
 ∆𝑡! = 1 − !!!,!, (4.7) 
where t0,j is the device age on market for a device j, while ti,j is the device j has been in a consumer’s 
possession. This is an important distinction, since some consumers define the age of a device as the time 
since the device was released to the market. These individuals are more likely to replace a fully functional 
device for the newer version of the same device. Others, such as the utilitarian and green users, for 
example, define device age as the time the device has been in the individual’s possession. Both equations, 
however, have the same trend, where the age of the device increases the Δt function, ultimately lowering 
the value of the value function Vj.	  
 
4.4 Utility Functions 
In order to evaluate the decision to add to existing devices or replace an existing device, it is 
important to evaluate the user’s utility function. A general equation for the utility function is defined in 
Equation 4.8 as 
 𝑈 = 𝑈! 𝑉!"# ,𝑉! . (4.8) 
This function is based on Equations 4.1 and 4.5, as well as the risk attitude over each attribute and is 
determined by each individual decision maker. 
 
4.4.1 Utility Function Examples 
Equations 4.9 and 4.10 below show possible utility functions for risk-averse and risk-seeking 
consumers, respectively.  
 𝑈!,! 𝑉 = 𝑉 ! (4.9) 
 𝑈!,! 𝑉 =    𝑉 !/! (4.10) 
Based on these equations, it is clear that the utility function depends on the value V, which can be 
either Vnew or Vj. The utility function will then be used to determine the consumer’s preference for 
different value functions.   
A graphical representation of the example utility functions is shown in Figure 4.4 below. 
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Figure 4.4: General utility function  
 
4.4.2 Decision Analysis 
After the customer uses Equation 4.1 to determine which electronic device best matches their 
needs, he or she further uses equation 4.5 to compare the new device to their existing electronic devices. 
After all value functions are calculated, the decision maker can then calculate the utility values of each 
device, using a utility function that reflects their risk attitude. The utility value can then be used to 
determine if the new device will add to their existing electronics portfolio or if it will replace an existing 
device. Generally, it can be stated that a new electronic device purchase will replace an existing device j if 
the difference between the utility values of the new and existing devices is within a specific replacement 
threshold η. Otherwise, the new device will be added to the existing electronic portfolio. The decision 
threshold is the utility value of the DM’s certainty equivalent between the ideal computer and existing 
device with the lowest value function. The device that may be replaced must have a value, Vj, greater than 
0.  
This decision, D, can also be stated as: 
 𝐷 = 𝐼𝑓   𝑈! 𝑉!"# −𝑚𝑖𝑛 𝑈! 𝑉! < 𝜂, Replace𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 Add  (4.11) 
If the decision function shown above is broadly applied to the utility function examples shown in 
Figure 4.4, it is clear to see that the same threshold η corresponds to a larger range of value as we move 
from risk-seeking to risk-averse user. It is important to note that although it is tempting to state that 
technophile users are risk-seeking, utilitarian users are risk-neutral, and green users are risk-averse, this 
assertion would be unfounded and incorrect.  
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4.5 Function Validation 
This section will discuss the validation of the value function. This problem deals with a decision 
maker who is interested in purchasing a laptop. The DM’s ideal conditions are listed in Figure 4.1 below.  
 
Function, 
F 
Environ. 
Certification, 
e 
Weight, 
w (oz) 
Screen 
size, s (in) 
Keyboard 
Size, k (in) 
Market age, 
t0 (yrs.) 
IDEAL (*) 1 1 - 13 15 - 
HP Pavillion 1 1 83.2 14.7 14.7 0.5 
Dell Inspiron 1 0.75 80 13.5 13.5 0.85 
Apple Mac Book 1 1 72 12.8 12.8 0.25 
Acer Netbook 1 1 51.52 11.2 11.2 0.3 
Table 4.1: Validation Example – New Device 
In addition to the given values, the DM has also evaluated his or her attribute ranges and 
weighting factors. The maximum weight the DM is willing to consider is 112 ounces. Further, the 
minimum and maximum keyboard sizes are 10 and 17 inches, respectively; the minimum and maximum 
allowed screen sizes are 9 and 15 inches, respectively. In order to determine his or her value function, the 
DM sets the weighting factor α to 0, since the decision maker is indifferent to the environmental benefit 
of the devices. Then, the weighting factors β, γ, and δ are calculated using swing methods and Equation 
4.3 to reach the final calculation at 0.8, 0.55, and 0.65. Because the decision maker places little influence 
on the age of the device on the existing market but prefers newer devices, weight attribute ε is set to 1 and 
Equation 4.1 is used to evaluate Vnew. Thus, Vnew for the HP Pavillion, Dell Inspiron, Apple Mac Book, 
and Acer Netbook are 0.33, 0.29, 0.46, and 0.29, respectively. Based on these values, the DM should 
purchase the Apple MacBook.  
The new device then needs to be compared to the existing electronic device in the decision 
maker’s portfolio, as described in the table below. 
 Function, 
F 
Environ. 
Certification, e 
Weight, 
w (oz) 
Screen 
size, s (in) 
Keyboard 
Size, k (in) 
Device age, 
t0 (yrs.) 
iPod Touch 0 1 7 5 5 3 
Dell Inspiron 1 1 104 15 15 48 
Table 4.2 Validation example - Existing device portfolio 
 Based on Table 4.2, the iPod Touch does not perform the minimal functions required by the DM, 
it should not be considered for a replacement, since its value function would be 0. The existing Dell 
Inspiron has a value function of 0.02. 
 Given that the DM is risk averse, the utility values of the existing Dell Inspiron and newly 
purchased Apple MacBook are 0.14 and 0.68. If the decision maker determined their certainty equivalent 
to be 0.7, whose utility value is 0.8, the decision maker can use Eqution 4.11 to determine that the DM 
would replace the existing four-year-old Dell Inspiron with a new Apple MacBook. 
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 The example is based on a personal experience and is validated by holding true to the real-world 
experience. 
 
4.6 Conclusion 
This research presented helps quantitatively define the values associated with electronics 
purchasing decisions. Furthermore, this research additionally defines different value functions for three 
different types of consumers – technophile, utilitarian, and green. Through the use of value functions, 
consumers are able to determine how much their current devices and potential new purchases are worth to 
them, based on the decision maker’s pre-defined attribute levels for the weight, functionality, screen and 
keyboard size, and age of devices. Furthermore, this research defines value functions and decision 
threshold that are used in conjunction with one another to define if a consumer should replace the 
electronic device with the lowest utility value or add to the current portfolio of existing electronics.  
The value and utility functions determined in this chapter show the complexity of the electronics 
purchasing decision-making process. As shown in the value function, a large number of variables can 
soon complicate the overall equation and significantly decrease the decision maker’s value of the overall 
device. Since specific attribute levels are determined by the DM, value function testing on a large range 
of consumers can provide researchers with attribute values that describe green, utilitarian, and technophile 
users generally. By better understanding consumer decisions and behavior, policy makers and electronics 
designers will be able to better interact with consumers. If decision makers are interested in changing 
consumer behavior in such a way that would decrease overall energy expenditures, a better understanding 
of consumers’ device purchasing decisions is crucial. Since the three previously mentioned consumer 
groups have differing attitudes toward electronics, a policy maker will be able to implement and market 
desired behavior change only after understanding current consumer decision processes and motivations. 
In addition, electronics manufacturers would benefit by better understanding consumer decision 
processes, because they could better determine which device attributes are more important to each 
consumer group. By better understanding consumer preferences toward certain attributes, electronics 
industry representatives can use this information to focus their design concepts to meet the needs of the 
consumers. Finally, marketers could use this information to impact consumer purchasing decisions more 
by finding effective communication tools for specific decision makers.  
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Chapter 5: Research Conclusions and Applications 
 
5.1 Conclusions 
The topics discussed in this project are novel, as they fill several gaps in current consumer 
behavior research. First, this research does not treat electronics consumers as one homogenous group, but 
defines three specific sub-groups of users. Furthermore, this thesis additionally tests hypothesis based on 
the different consumer groups to show that each group has differing resource use behaviors, including 
electronic device ownership and resulting electricity use. The research presented in this thesis also shows 
that concurrent electricity use, especially for technophile users, who are more likely to own multiple 
devices with redundant functionality, increases overall household electricity use. Additionally, while 
Internet use does increase the impact of the overall energy system, the research detailed in Chapter 3 
indicates that Internet use truly is negligible, when compared to the energy requirements of larger devices, 
such as desktops, monitors, laptops and netbooks.  
After showing differences in consumer behavior, based on the number of electronic devices 
owned, this research further examined decision-making strategies that can be implemented to learn more 
about consumer behavior. Fist, a value function was used to determine which electronic device a 
consumer should buy, based on their ideal attributes of weight, screen and keyboard size, functionality, 
environmental “friendliness”, and time since product release. A second value was then used to determine 
the current value of the newly-purchased device and a decision maker’s current electronic devices. 
Finally, the expected utility value for each device was calculated based on the device value function. 
Through the use of a decision threshold, which is the utility of a decision maker’s certainty equivalent 
between their new product and lowest-ranking currently owned device, one could determine if the 
decision maker’s new device should replace the lowest-ranking device or be added to the existing 
portfolio. 
 
5.2 Research Applications 
The research examined in this paper has several applications. First, electronics manufacturers, 
marketers, and policy makers will be able to utilize information about different consumer groups. Since it 
was shown that each consumer category has differing resource use, manufacturers will be able to better 
understand how to serve the needs of each consumer group. Since green users are less likely to own more 
devices, manufacturers may be encouraged to create devices that perform more functions in a high 
capacity. For example, if an electronics designer learns that consumers who purchase their devices are 
happy with the processing speed of the device, but are more likely to purchase a competitor’s product, 
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which happens to be lighter, decision makers can adjust their device design. By creating devices that 
would perform desired function, while optimizing other device attributes, electronics producers can be 
sure to meet customer’s needs. Furthermore, by pricing the electronics at a higher value, knowing that 
consumers will not purchase devices frequently, electronics producers could benefit from increasing 
profits. If producers are better able to understand and meet consumer needs, they can then build brand 
recognition and a returning customer base, leading to further profit increases. Since consumers’ behavior 
electronic device ownership and use affects the overall energy grid on a national scale, a better 
understanding of consumers behavior and purchasing decisions may affect policy makers who want to 
decrease overall energy expenditures and resulting CO2 emissions. If policy makers learn that consumers 
are largely indifferent to the environmental certifications of electronic devices but are more interested in 
the keyboard and screen size of the device, environmentally conscious policy makers can then implement 
energy-reduction by pressuring the electronics designers to change their device by focusing on the energy 
efficiency of the monitors and their production. Further, the policy makers could affect consumer 
behavior by first launching a campaign raising awareness of environmental concerns, as well as the 
monitor’s impact on the environment. Once consumers become more aware and conscientious of the 
environmental certification standards and their applications, the policy maker can then better educate 
individuals about how their decisions, including the size and use of monitors, affects the environment. 
Through such an education campaign, policy makers in question would be able to affect longer lasting 
change. 
 
 
5.3 Future Research 
Electronics ownership and use research presented in Chapter 3 can be expanded by asking more 
detailed questions about rechargeable device ownership. The handheld device conclusions in this thesis 
largely depend on assumptions obtained from a data source different than the main survey data. Because 
of this, consumer electronics research should include more questions regarding individual device use. By 
expanding these  research and survey questions, policy makers and industry professionals will have a 
better and more thorough understanding of consumer ownership and utilization. 
 In order to get a more accurate idea of system-wide energy needs, more scientific research 
should be used to better understand the energy needs of Internet use. The Internet energy use data was 
obtained from GoogleTM, an Internet search and cloud computing giant; because of their corporate 
interest, the data used in this research is most likely biased. Therefore, better understanding of the system 
will only be reached through third-party research. 
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The consumer purchasing decisions established in this thesis can be expanded to analyze the 
values of attributes and weighting factors, as determined by a broader consumer population. This research 
can then be applied to determine correlations between consumer groups and their desired attribute levels 
or weighting factor determination. This research can be used to quantitatively show manufacturers and 
policy makers which attributes are most important to the consumers, thus potentially influencing 
manufacturers and policy makers to change their strategies in order to reach consumers more effectively. 
This thesis focused solely on the use phase of electronic devices, but the environmental impacts 
of purchasing and use decisions can be expanded to include the full life cycle of a consumer’s electronic 
devices. By expanding this research into an LCA, we would gain a better understanding of the complete 
environmental impacts of consumer decisions. By understanding this more fully, policy makers, 
environmental activists, and electronics manufacturers could work together to find ways to improve the 
current industry and find ways to adjust consumer behavior in order to remediate environmental costs. 
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Appendix A: Residential Energy Consumption Data 
(RECD) Survey Questions 
 
Does anyone in your household use a personal computer at home? Include both desktop and laptop 
personal computers.  
Yes ........................................... 1  
No ............................................ 0  
 
How many computers are used in your home?  
Number of computers .............................  
 
Thinking about your computer, is it a desktop model or a laptop or netbook?  
 
Thinking about your most used computer, is it a desktop model or a laptop or netbook?  
Desktop model ......................... 1  
Laptop or netbook .................... 2  
 
Is this computer’s monitor a flat-panel LCD?  
Yes .......................................... 1  
No ........................................... 0  
 
Thinking about your computer, how many hours each day is it used?  
Thinking about your most used computer, how many hours each day is it used?  
Less than 1 hour ...................... 1  
1 to 3 hours .............................. 2 
3 to 6 hours .............................. 3  
6 to 10 hours ............................ 4  
More than 10 hours ................. 5  
 
When this computer is not in use is the power usually turned off?  
Yes ........................................... 1  
No ............................................ 0  
 
When this computer is not in use does it go into a sleep or standby mode?  
Yes ........................................... 1  
No ............................................ 0  
 
Thinking about the second most used computer, is it a desktop model or a laptop or netbook?  
Desktop model ......................... 1  
Laptop or netbook .................... 2  
 
Is this computer’s monitor a flat-panel LCD?  
Yes ........................................... 1  
No ............................................ 0  
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Thinking about the second most used computer, how many hours each day is it used?  
Less than 1 hour ...................... 1  
1 to 3 hours .............................. 2  
3 to 6 hours .............................. 3  
6 to 10 hours ............................ 4  
More than 10 hours ................. 5  
 
When this computer is not in use is the power usually turned off?  
Yes ........................................... 1  
No ............................................ 0  
 
When this computer is not in use does it go into a sleep or standby mode?  
Yes ........................................... 1  
No ............................................ 0  
 
Please look at Card 22. Thinking about the third most used computer, is it a desktop model or a 
laptop or netbook?  
Desktop model ......................... 1  
Laptop or netbook .................... 2 
 
Is this computer’s monitor a flat-panel LCD?  
Yes (Flat-panel LCD) ............... 1  
No (CRT) ................................. 0  
 
Thinking about the third most used computer, how many hours each day is it used?  
Less than 1 hour ...................... 1  
1 to 3 hours .............................. 2  
3 to 6 hours .............................. 3  
6 to 10 hours ............................ 4  
More than 10 hours ................. 5  
 
When this computer is not in use is the power usually turned off?  
Yes ........................................... 1  
No ............................................ 0  
 
When this computer is not in use does it go into a sleep or standby mode?  
Yes ........................................... 1  
No ............................................ 0  
 
Does the computer in your home have access to the Internet?  
Yes ........................................... 1  
No ............................................ 0  
 
What type of internet access is used in your home? Is it . . . (Mark all that apply.)  
Yes No  
 
Dial-up (a phone line), ....................... 1 ................ 0  
DSL or Fiber Optic, ............................................. 1 ................ 0  
Cable, or ......................................................... 1 ................ 0  
Satellite? ......................................................... 1 ................ 0  
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Do you have wireless access to the Internet in your home?  
Yes ........................................... 1  
No ............................................ 0  
 
How many rechargeable electronic devices, such as cell phones, portable music players, digital 
cameras, and electric shavers, do you have in your household?  
READ responses  
0, ............................................. 0  
1 to 3, ....................................... 1  
4 to 8, or .................................. 2  
More than 8?............................ 3  
 
When these electronic devices are not being used do you keep them plugged in all the time, do you 
only recharge them as needed, or do you use both ways?  
Keep them plugged in all the time ........ 1  
Recharge them as needed ................... 2  
Both ways are used .............................. 3  
 
Are the chargers for these electronic devices always plugged into the wall?  
Yes ........................................... 1  
No ............................................ 0  
Some but not all ....................... 2  
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Appendix B: Research Survey Electronics Data Analysis  
 
Appendix B.1: Overall Survey Data Summary 
No. Computers 
Owned 
% of Survey 
Population 
0 21.63% 
1 19.98% 
2 38.06% 
3 20.93% 
4 8.40% 
5+ 3.21% 
Table B.1: Overall computer ownership based on total survey population 
 
Primary Computer 
Desktop 55.47% 
Laptop/Netbook 44.53% 
Secondary Computer 
Desktop 39.55% 
Laptop/Netbook 60.45% 
Tertiary Computer 
Desktop 39.73% 
Laptop/Netbook 60.27% 
Table B.2: Percent of laptop/desktop ownership of overall population 
 
Time On Primary Computer 
Secondary 
Computer 
Tertiary 
Computer 
<1 hour 18.39% 33.65% 45.38% 
1-3 hours 37.00% 34.23% 4.40% 
3-6 hours 20.70% 14.70% 1.72% 
6-10 hours 9.22% 5.86% 0.57% 
10+ hours 14.69% 11.56% 1.39% 
Table B.3: Use time of computers 
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Charging Patterns 
Keep plugged in all the time 7.29% 
Recharge as Needed 68.90% 
Both Ways 14.93% 
NA 8.88% 
Table B.4: Electronic device charge patterns 
 
Appendix B.2: Survey Data Summary based on Computer Ownership 
 
  0 Comp. 1 Comp. 2 Comp. 3 Comp. 4 Comp. 5+ Comp. 
0 25.36% 6.77% 1.83% 1.55% 1.19% 0.43% 
1-3 62.97% 60.41% 38.24% 20.11% 11.90% 7.73% 
4-8 10.48% 29.38% 49.45% 60.78% 54.76% 49.79% 
8+ 1.19% 3.43% 10.48% 17.56% 32.14% 42.06% 
Table B.5: Percentage of Rechargeable Electronics, Based on Number of PCs Owned 
 
  0 Comp. 1 Comp. 2 Comp. 3 Comp. 4 Comp. 5+ Comp. 
NA 25.36% 6.77% 0.00% 1.55% 1.19% 0.43% 
Keep plugged in all 
the time 7.35% 7.35% 7.60% 5.91% 6.19% 10.30% 
Recharge as Needed 59.76% 72.18% 71.44% 71.88% 68.10% 58.80% 
Both Ways 7.54% 13.70% 19.14% 20.66% 24.52% 30.47% 
Table B.6: Electronics Charging Pattern Percentage, Based on Number of PCs Owned 
 
  0 Comp. 1 Comp. 2 Comp. 3 Comp. 4 Comp. 5+ Comp. 
NA 32.71% 14.12% 9.42% 7.46% 7.38% 10.73% 
Yes 15.72% 20.22% 21.26% 22.57% 19.76% 20.60% 
Some 8.99% 15.97% 24.11% 26.93% 30.95% 30.47% 
No 42.58% 49.69% 45.22% 43.04% 41.90% 38.20% 
Table B.7: Percentage of Chargers Left Plugged in the Wall, Based on Number of PCs Owned 
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PC Type, Based on Number of PCs Owned 
Primary Computer 
 
1 Comp. 2 Comp. 3 Comp. 4 Comp. 5+ Comp. 
Desktop 62.70% 48.47% 45.77% 43.57% 50.21% 
Laptop 37.30% 51.53% 54.23% 56.43% 49.79% 
Secondary Computer 
 
1 Comp. 2 Comp. 3 Comp. 4 Comp. 5+ Comp. 
Desktop - 41.71% 35.85% 32.62% 44.21% 
Laptop - 58.29% 64.15% 67.38% 55.79% 
Tertiary Computer 
 
1 Comp. 2 Comp. 3 Comp. 4 Comp. 5+ Comp. 
Desktop - - 41.22% 35.71% 39.91% 
Laptop - - 58.78% 64.29% 60.09% 
Table B.8: PC Type, Based on Number of PCs Owned 
 
Monitor Type, Based on Number of PCs Owned 
Primary Computer 
  1 Comp. 2 Comp. 3 Comp. 4 Comp. 5+ Comp. 
CRT 25.27% 13.87% 11.13% 9.29% 10.26% 
LCD 74.73% 86.13% 88.87% 90.71% 89.74% 
Secondary Computer 
  1 Comp. 2 Comp. 3 Comp. 4 Comp. 5+ Comp. 
CRT - 30.65% 16.24% 12.41% 11.65% 
LCD - 69.35% 83.76% 87.59% 88.35% 
Tertiary Computer 
  1 Comp. 2 Comp. 3 Comp. 4 Comp. 5+ Comp. 
CRT - - 31.57% 27.33% 9.68% 
LCD - - 68.43% 72.67% 90.32% 
Table B.9: Monitor Type, Based on Number of PCs Owned 
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Time Used, Based on Number of PCs Owned 
Primary Computer 
  1 Comp. 2 Comp. 3 Comp. 4 Comp. 5+ Comp. 
<1 HR 28.60% 8.91% 4.91% 3.57% 1.72% 
1-3 HRS 43.20% 33.64% 27.75% 22.38% 14.16% 
3-6 HRS 17.88% 22.57% 26.93% 24.52% 22.75% 
6-10 HRS 5.86% 11.65% 13.92% 15.48% 18.88% 
10+ HRS 4.46% 23.23% 26.48% 34.05% 42.49% 
Secondary Computer 
  1 Comp. 2 Comp. 3 Comp. 4 Comp. 5+ Comp. 
<1 HR - 43.75% 21.47% 13.81% 8.15% 
1-3 HRS - 32.03% 39.40% 36.90% 30.90% 
3-6 HRS - 11.14% 18.93% 22.38% 22.75% 
6-10 HRS - 3.91% 7.55% 11.43% 10.73% 
10+ HRS - 9.17% 12.65% 15.48% 27.47% 
Tertiary Computer 
  1 Comp. 2 Comp. 3 Comp. 4 Comp. 5+ Comp. 
<1 HR - - 55.05% 34.29% 19.74% 
1-3 HRS - - 26.66% 36.67% 36.48% 
3-6 HRS - - 8.37% 13.10% 20.17% 
6-10 HRS - - 2.55% 5.48% 6.44% 
10+ HRS - - 7.37% 10.48% 17.17% 
Table B.10: Time Used, Based on Number of PCs Owned 
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Non-Use Patterns, Based on Number of PCs Owned 
Primary Computer 
  1 Comp. 2 Comp. 3 Comp. 4 Comp. 5+ Comp. 
Off 63.71% 54.86% 48.68% 48.10% 44.64% 
Seep/Standby 32.72% 41.82% 46.41% 46.43% 48.50% 
NA 3.58% 3.32% 4.91% 5.48% 6.87% 
Secondary Computer 
  1 Comp. 2 Comp. 3 Comp. 4 Comp. 5+ Comp. 
Off - 74.62% 64.97% 58.81% 63.95% 
Seep/Standby - 22.86% 32.21% 36.67% 29.18% 
NA - 2.52% 2.82% 4.52% 6.87% 
Tertiary Computer 
  1 Comp. 2 Comp. 3 Comp. 4 Comp. 5+ Comp. 
Off - - 76.89% 72.38% 66.95% 
Seep/Standby - - 21.11% 24.76% 28.76% 
NA - - 2.00% 2.86% 4.29% 
Table B.11: Non-Use Patterns, Based on Number of PCs Owned 
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